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Attempts
to revegetate the Great Basin sagebrush zone have been relatively successful, especially where annual precipitation exceeds 10 inches (Stoddart 1946; Plummer et al. 1955) . Artificial seeding attempts in the drier shadscale zone generally have failed. Revegetation is needed to increase forage, to reduce erosion, and to control poisonous or noxious plants. This paper results from seeding trials and problems in revegetation of the arid shadscale zone.
Native vegetation.-The shadscale vegetation zone, also called salt desert shrub, covers over 40 million acres mainly in the southern and southwestern parts of the Intermountain region: Clements (1920) ; Graham (1937) ; Fautin (1946) ; Price et al. (1948) ; and Billings (1949) . Isolated islands of the zone extend into eastern Oregon, southern Idaho, and southwestern Wyoming.
Included in the shadscale zone are Precipitation.-The mean precipitation regime varied considerably from western Nevada to eastern Utah. Billings (1949) using data from Sager (1932 Sager ( , 1941 reported that mean annual precipitation for the shadscale zone at 11 stations in western Nevada and eastern California ranged from 3.08 to 5.68 inches with an average of 4.15 inches and winter precipitation maximum as snow. In western Utah, Fautin (1946) reported that the mean annual precipitation for 6 shadscale stations averaged 7.95 inches. Precipitation was fairly well distributed throughout the year. In eastern Utah, Alter (1941) showed that the mean annual precipitation at 6 shadscale stations was 7.54 inches. Precipitation was relatively low in April, May, and June; however, over half of the mean total came in July, August, and September from convectional storms. Summer droughts are common and prolonged throughout the zone.
Soil. -Within the shadscale zone, soils are often heterogeneous even within short distances, but are generally of the Gray Desert group: Soils may or may not have a prominent hardpan; however, carbonates usually accumulate near the surface: Kearney et al. (1914) ; Shantz and Piemeisel (1940) ; and Stewart, Cottam, and Hutchings (1940) . Parent material, degree of leaching, and drainage may account for the presence or absence of salt accumulation. Many vegetational types within the shadscale zone have been recognized and described with particular reference to their soil relation : Kearney et al. (1914) ; Shantz (1925) In general established native shrubs in vigorous condition withstood the frequent droughts with minimum mortality. Native shrub seedlings generally were not highly drought resistant and often perished during the seedling year.
Natural native grasses withstood droughts better than introduced ones, but plant densities of the native species generally declined. During years with average or above-average moisture, stands of native species were usually restored by vegetal growth or from seed.
Plantings of drought-enduring grasses were disappointing. All plantings of blue grama and galleta failed to produce seedling stands. Good seedling stands of the needlegrasses and squirreltail gradually declined. Most species of dropseed failed, but a few poor initial stands of sand dropseed gradually improved through natural reproduction. Over sixty collections of strains of Indian ricegrass were tested. A few strains of this grass produced stands on some sites, but most strains had either failed to emerge or to surive.
A few plantings of perennial forbs produced good seedling stands, but mortality ally very high. A few native globemallow was usuplants of and penstemon were obtained from seeding. On several sites a small number of alfalfa (Medicago sativa L.) plants survived for several years before they were killed by drought, insects or rodents. The annual forbs, belvedere summer cypress (Kochiu scopuriu (L.) Schrad.) and fivehook bassia (Bassiu hyssopifoliu (Pall.) Kuntze) , usually became established and produced viable seeds, but very few plants were present in subsequent years.
A similar response to artificial revegetation by use of grasses, shrubs and forbs was obtained at most study locations. Many species produced good seedling stands, but stands rapidly declined and most plants perished within a lo-year period. Results indicate that the arid climate was the most limiting factor encountered in artificial revegetation of the shadscale zone.
Discussion
Climate factors .-Prolonged or severe droughts in the shadscale zone inhibits seed germination. For example, at a study site in western Nevada, grass, forb, and shrub seeds planted in December 1954, and residual seeds of native annuals and perennials, remained in the soil during the subsequent winter, spring, and summer without germinating. Only 1.47 inches of precipitation was measured during the 13-month period from July 1954 to September 1955. After more than 8 months in the soil, 150 seeds each of fairway wheatgrass (Agropyron cristutum (L.) Gaertn.) , crested wheatgrass, intermediate wheatgrass, and Russian wildrye were removed from the drill rows in August 1955. Seeds were not visibly damaged, and laboratory germination averaged 83, 80, 77, and 84 percent, respectively. Av era g e germinations from the same lots that had been in storage were 79, 89, 96, and 93 percent, respectively. Seedling emergence in the drill rows was observed after a storm in emergence was observed in the spring of 1956.
Further effects of climate were observed on a native stand of Indian ricegrass, where 96 percent of the plants died during the 1954-1955 drought. Original density was 72 plants per 100 square feet. The few surviving plants had only 1 or 2 living culms. Most of these culms produced good seeds in the summer of 1956. A few mature seeds were produced in 1954, but no viable seeds were found in 1955. Aboveaverage available moisture followed this drought and seeds that had lain in the soil for years germinated.
Many seedlings were growing on this site in the spring of 1956. By midsummer of 1956, the density averaged 49 vigorous seedlings per 100 square feet. As shown in Figure 3 , seedling distribution was good; but a loose clustering, presumably around original parent plants, was common.
Small mammals and insects.-Rabbits and some rodents were often responsible for poor results from revegetation.
The problem was magnified on small areas of cool-season grasses where green growth was produced in the fall and early spring. Larger areas such as the plantings at Cisco and Wah Wah Valley could better absorb the rodent population than small-plot areas and therefore were usually less damaged. Also, small rodents tended to 
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concentrate inside enclosures where certain predators were less numerous.
Established plants and particularly seedlings were frequently killed by close cropping or repeated heavy utilization. Plant crowns, also, were dug out and eaten in the early spring, late summer, or fall when green forage was sparse and especially during droughts when total forage was in short supply. Plants were also killed when the stem and roots were severed by pocket gophers or other animals as shown in Figure 4 . Most shrub and forb seedlings were especially susceptible to damage by rodents because clipping of the hypocotyl or epicotyl usually resulted in death. Kangaroo rats and other rodents harvested large quantities of seeds and reduced the seeds available for natural revegetation.
In some years grasshoppers and crickets damaged established plants, killed seedlings, and reduced seed production. Harvester ants collected seeds and plant material, and areas occupied by ant hills produced no forage, Sharp and Barr (1960) . Other insects in larval or adult stages contributed to the depleted condition within the zone by defoliation, stem boring, floral damage, and reduction of viable seeds, Piemeisel (1954 Sixty-one percent of a seed lot that was in dry storage for 3 years germinated when seed coats were removed. Methods for increasing seed germination of grasses native in this zone were reported by Plummer and Frischknecht (1952) ) Rogler (1960) ) and Toole (1941) .
In contrast, seed dormancy usually was minor or absent in most of the introduced cool-season grasses. Accumulated fall, winter, and current spring moisture usually was adequate for early spring seed germination and at least limited emergence of these cool-season grasses.
Natural revegetation.-Hutchings and Stewart (1953) reported that some ranges could be rehabilitated through improved grazing management. Rehabilitation through management provided for limiting forage use, whether use was by insects, small mammals, or livestock. Good management favored production of seeds of adapted plants distributed throughout the zone. Large seedling crops of native species were infrequent and occurred only once or twice in 10 or 15 years. Also, a favorable year for development of seedlings of one species was not necessarily favorable for seedlings of another species. Continued good management provided for production of seedlings and seedling establishment during years when seeds of adapted species were present and climatic conditions were favorable for seed germination and plant establishment.
